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Abstract Rice production in coastal wetlands provides critical ecosystem services that range
from flood control to wildlife habitat. In the Iberian Peninsula rice was introduced in the 10th
Century. Today Iberian rice accounts for about one quarter of the total rice production of the
European Union, almost exclusively cultivated in the coastal wetlands of Spain, with perma-
nent flooding. The intensive water management required to produce rice stands at a crucial
point since freshwater supply is deteriorating at an unprecedented rate. Here we explore
flexible adaptation options to climate change in the Doñana wetlands - a world heritage and
biodiversity site - from two points of view: What are the policy options for agricultural water
management in view of climate change? How can informed stakeholders contribute to better
adaptation? The first question is addressed by simulating water availability to farmers with the
WAAPA model under a range of adaptation policy options derived from the view of the local
communities. The second question was addressed by means of participatory research.
Adaptation options are framed according to the local environmental, social and policy context.
Results suggest that perception on the potential role of new water infrastructure and farming
subsidies dominates the view of local communities. The choices of the stakeholders that could
be simulated with the hydrological model, were quantified in terms of additional water
availability for the rice farming, therefore providing a quantitative measure to the qualitative
solutions. Information provided during the study shaped the final adaptation options devel-
oped. Our research contributes to the definition of sustainable rice production in Europe.
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1 Introduction
The Europe 2020 strategy promotes the development of a greener, more environmentally
friendly economy for the European Union countries. The European Environment Agency
(EEA, 2012) supports the idea that healthy and resilient coastal ecosystems may provide
services needed for this green economy whilst maintaining human well being. However, the
challenge remains in defining how to move towards sustainability in practical terms. Coastal
wetlands provide a challenging example that combines the economic interests of rice pro-
ducers, the policy interests of rural development policies, and the environmental interests of
water conservation policies.
The Doñana region is a coastal wetland in the Guadalquivir River Basin District of
Southern Spain, where water is shared among the natural and the artificial wetland. The recent
high temperature and drought episodes are influencing the view of local communities about
the need for adaptation in the Doñana natural ecosystems and agricultural systems (De Stefano
et al. 2014). The water district is already under environmental pressure (Willaarts et al. 2014;
EEA 2012), the coastal vulnerability to sea level rise is high (Ramieri et al. 2011; Ojeda et al.
2009), and the potential increase of irrigation demand is very high (Iglesias et al., 2012).
Drought episodes of the past 50 years in the Sothern Europe aggravate the structural water
deficit in the Doñana coastal wetland and the policy strategies undertaken have been capable to
deal with extreme situations, but ineffective to solve the conflict among users, especially with
the environment (Iglesias et al. 2008a; Iglesias et al., 2008b). Further, the water competition
and conflicts will be increased due to a major pressure on freshwater resources as a result of
climate change impacts, increased population, pollution problems from agriculture intensifi-
cation and fragmented and uncoordinated adaptation policy strategies (Iglesias 2009). There is
a need of reaching a balance among equity, economic security and the environment by flexible
adaptation options that may deal with the increasing pressure on freshwater resources and in
turn reduce the conflict among users in the case study region.
The local actors’ views need to be considered for designing environmental policies since
they may reveal a great deal of helpful information to approach possible adaptation pathways
closer to the reality (Picketts et al., 2013). For instance, Sánchez et al. (2014a) found by public
consultation that the main drivers to encourage the adoption of new mitigation and adaptation
measures by Spanish farmers were pro-environmental concerns, financial incentives and
access to technical advice. Furthermore, García-Llorente et al. (2011) found by public consul-
tation in Doñana that the environmental policy strategies should be aimed to increase
education programs regarding conservation policies specially addressed to male ageing pop-
ulation with lower education levels.
Several hundred studies have made significant efforts to find climate change adaptation
measures (IPCC, 2014) and many in Doñana are contributing to the definition of strategies that
can be agreed among the local actors (De Stefano et al. 2014), among the environmental policy
design (Martín-López et al. 2011) and among the economic choices (Berbel et al., 2011). This
paper aims to address the social and environmental challenges for adaptation of the Doñana
coastal wetland. We combine two sources of information to explore flexible adaptation options
for the rice farming and the natural ecosystem. First, we define the magnitude of the impacts
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and the effects of policy by modelling the river basin system. Second, we conduct a
participatory data collection process to inform on the social challenge.
The study is organised in five sections. The next Section presents the methods and data;
Section 3 provides an estimation of water availability under climate change and the effect of
water policy scenarios; Section 4 analyses and discuses adaptation from the view of local
communities. Section 5 concludes.
2 Methods and Data
2.1 Study Area
The Doñana coastal wetland is recognised of international importance and declared as a
Ramsar Wetland, UNESCO World Heritage Site and Biosphere Reserve for being one of the
richest natural ecosystems in Europe (García Novo and Marín Cabrera, 2006). The coastal
wetland of Doñana is located in the lower part of the Guadalquivir River District (Southern
Spain) on the Atlantic coast of Andalusia, the protected area cover an area of over 121,600 ha
under the protection status of Doñana Natural Park and in the eastern side is also located the
largest rice (Oryza sativa L.) farming area of the country (ca. 36,000 ha) (Fig. 1). There are a
population of nearly 213,839 inhabitants in the Doñana area, whose activities are mainly
addressed to agriculture and tourism and in turn the wetland provides key ecological services
such as a stepping-stone in the migration route for birds and waterfowl, a home to many
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Fig. 1 Geographical location of the Doñana coastal wetland and the Guadalquivir River Basin District
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endemic and threatened species, regulation of the local hydrologic cycle and provision of
landscape services (Martín-López et al., 2011).
The Guadalquivir River District with around 650 km of length and 57.527 km2 of area,
amounts 7.022 hm3/year in average of renewable water resources from which 4,007.73 hm3/
year are used mainly for agriculture (87 %), domestic use (11 %), industrial use (1 %) and
energy (1 %) (CHG 2013). Rice farming is the main source of income for the local population
but as well is one of the most water intensive crops of the river basin (De Stefano et al. 2014).
Rice farming occupies the 4.2 % of the irrigated area and requires over 10,400 m3/ha/year of
water to achieve yields between 9 and 10 t/ha, it accounts a total of 366 hm3/year, the 14.3 %
of the annual regulated water resources of the river basin (CHG 2013). The irrigation system
for the rice cultivation consist in taking water directly from the Guadalquivir River and
flooding the fields until 20 cm of water, depending on the crop needs for each development
stage, throughout channels. The semiarid conditions and the salinity of soils make difficult the
cultivation of many other crops in the rice area. The flooding irrigation system allows tolerable
levels of oxygen, temperature and salinity for growing the rice (maximum concentration of
2 g/l of salt in the water) whilst avoids the emergence of a saline crust in the top soil (Aguilar
2010). Further, the sea intrusion increases largely the salinity of the water in the estuary and the
Guadalquivir Basin Authority has to provide for dam releases upstream from the rice area to
improve the quality of irrigation water.
So far, rice farmers in Doñana received approximately 1,670 €/ha as public subsidies
(within the framework of the CAP, Regulation EC/1782/2003) and if they met the integrated
production commitment that includes a group of best management practices, they also received
398 €/ha (Regulation EC/1257/1999). Currently, rice farmers will have to meet the measures
included into the CAP greening to perceive the equal subsidies. Thus rice production can be
considered profitable for farmers since the average cost of producing rice in Doñana is over
1,496€/ha (reduced due to a highly mechanized agricultural system and higher education
training of farm managers that implement precision agricultural methods) and rice price
usually ranges between 2,000–2,200€/ha on average (Aguilar, 2010).
The Doñana coastal wetland is a complex socio-ecological system where the rice produc-
tion and the wetland ecosystem show a great dependence on water and climate and any change
of these factors may alter the state of the environment and local livelihood security.
2.2 Framework
Our methodological framework combined two information sources to explore flexible adap-
tation options for the rice farming and the natural ecosystem in the coastal wetlands of Doñana
(Fig. 2): First, the WAAPA model is used to estimate the effect of exposure to climate change
and of different adaptation policy options in water availability, providing information on the
environmental challenge. Second, semi-structured interviews and an expert panel, inform on
the view of local communities on climate change risk and adaptation measures to rice
production and the wetland, providing information on the social challenge.
Climate change is clearly defined in the WAAPA model, since it is an input for the
simulations. The climate change scenarios for 2071–2010 are explained below. Although
these climate scenarios are also presented to the stakeholders, it is inevitable that these
scenarios are compared to the perceived current and past water scarcity and climate variability.
It is important to notice that water scarcity is a permanent fact in the area and climate scenarios
intensify the scarcity level.
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2.3 Modelling Water Availability and Policy Scenarios
The effect of climate change and policy on water availability for irrigation and for the natural
ecosystem was estimated with the WAAPA model (Garrote et al. 2011; Garrote et al. 2015).
The quantitative analysis provided support for the selection of adaptation policy options that
inform local stakeholders.
The WAAPA model (Water Availability and Adaptation Policy Analysis) calculates
Maximum Potential Water Withdrawal (MPWW), defined as the maximum water demand
that could be provided at a given point in the river network with the available water
infrastructure (i.e., reservoirs, dams and water transfers), satisfying management and environ-
mental constraints. MPWW is associated to a given demand type, which implies a minimum
required reliability and certain seasonal variation. In all cases urban supply is associated to
population and has higher priority than irrigation. Water for ecosystems has also a higher
priority than irrigation: The amount of water allocated for ecological flows is defined in each
sub-district following the specification of the national regulation on hydrological planning.
Model architecture is summarized as follows: (a) Satisfaction of the environmental flow
requirement in every reservoir with the available inflow. Environmental flows are passed to
downstream reservoirs and added to their inflows. (b) Computation of evaporation in every
reservoir and reduction of available storage accordingly. (c) Increment of storage with the
remaining inflow, if any. Computation of excess storage (storage above maximum capacity) in
every reservoir. (d) Satisfaction of demands ordered by priority, if possible. Use of excess
storage first, then available storage starting from higher priority reservoirs. (e) If excess storage
remains in any reservoir, computation of uncontrolled spills.
The MPWWanalysis was applied to estimate the exposure of the Guadalquivir sub-districts
to climate change. The comparison between the MPWW for irrigation in the control and in the
climate change scenario provides a proxy variable to estimate exposure to climate change. In
this study we consider that urban demand is fixed, because it is linked to population, which in
the region under analysis is not expected to change significantly in the next 50 years (OECD
2012). Water for ecosystems is estimated following the environmental flow requirements
specified in the national regulation, which establishes a range between the 5 and 15 % quantiles
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of the marginal distribution of monthly flows in current natural conditions. The central value,
10 %, was adopted and it was considered constant. According to climate change projections,
this assumption may be perceived as conservative, since streamflow is expected to decrease
sharply in the region, but it may underestimate or overestimate future ecosystem water demand
depending on future land use and environmental regulations.
Water policy scenarios are constructed aiming to maintain adequate reliability for urban,
ecosystem and irrigation demands. The effect of the adaptation effort is estimated from the
difference between water availability for irrigation in the control and in the climate change
scenario. This is based on the assumption that in the control period irrigation demand is similar
to MPWW for irrigation. The assumption is well grounded for the study region, a water
scarcity Mediterranean region, where water resources are developed (i.e., infrastructure and
management) to satisfy existing demands. The larger the difference between current and future
water availabilities for irrigation, the greater the adaptation policy effort required to compen-
sate for climate change though adaptation.
The effect of policy scenarios here is calculated as the increase in future water availability
resulting from the implementation of each policy. This study considers four adaptation policy
scenarios aiming to reduce the irrigation demand that would be required in the climate change
scenario in order to restore the same level of performance that is observed in the control
scenario. Demand reduction is not the only policy alternative to reach the objective of
adequately supplying the multiple demands of water in the area. In addition to demand
reduction, this study considers four adaptation policy measures. Policy option 1 (urban policy)
implies to improve urban water use efficiency and reach the target of 175 l/person/day supplied
in urban areas. Currently this amount is 300 l/person/day, a value that is considered too high.
Concrete examples for implementing this policy could be re-use of urban water or improve-
ment of water technical efficiency within cities (supply management policy), imposed reduc-
tion of water per capita use (demand management policy), or water rights exchange programs
(supply management policy). The data on urban water use of 300 l/pd is the reference value
adopted in the Hydrological Plan of the Guadalquivir River Basin District in time horizon
2015 (taken as Bcurrent^ scenario) (CHG 2013). The value of 175 l/pd is taken as a target
value estimated from the water supply systems in Spain that currently show the smallest per-
capita consumption reported (value 195 l/p.d in the Consorcio de Aguas de Tarragona, plus a
further 10 % increase in efficiency) (CHE 2014).
Adaptation Policy 2 implies a reduction of the environmental flow requirements (from the
10 to 5 % quantile of the marginal monthly distribution of runoff). This assumption is clearly
challenged within the current strategy for water management, but it is included here to
illustrate the trade-off between water for the artificial wetland and for the natural wetland for
the discussion among local actors. Adaptation Policy 3 implies to use the storage available in
hydro-power dams for regulating water for irrigation. Finally, Adaptation Policy 4 is reached
by improving the overall water management of the system by expanding the network of water
interconnections and applying water resources systems optimization models.
In this study, climate change scenarios are derived from Regional Climate Models (RCM)
driven by two greenhouse gas emission scenarios. The use of RCMs is an important tool for
evaluating water management under future climate change scenarios (Varis et al. 2004).
Nonetheless, it is well known that the output of the RCMs cannot be used directly if there is
no procedure that eliminates the existing bias (Sharma et al. 2007). For this reason, in order to
analyse the effect of climate change on water availability for irrigation in a regulated system,
here we generate climate change projections based on the bias-corrected runoff alternatives
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(following Gonzalez-Zeas et al. 2012). We use two emission scenarios (A1B and E1, to
represent the uncertainty derived from greenhouse emissions policies) and two regional
climate models to represent the uncertainty derived from model choice). Climate change input
for the WAAPAmodel was monthly time series of streamflow data obtained from the results of
the ENSEMBLES project in two climate scenarios (Table 1). The transient runs (1950–2100)
were split in two periods: control climate (1960–1990, Oct 1961 to Sep 1991) and future
climate (2070–2100, Oct 2069 to Sep 2099).
2.4 Criteria for Selecting Stakeholders and Sample Size
Since the mid 1980s there is a growing awareness that the stakeholder may be crucial for
effective change and adoption of innovation (Freeman 1984; Eden and Ackermann 1998;
Bryson 2004). The fundamental principle is that there are a number of people, organisations
and groups, who are critical to the adaptation viability and success. There has been a great deal
written in the stakeholder literature on the definition of who or what is a stakeholder. There are
numerous definitions of stakeholders; here we consider that stakeholders are groups of
individuals with power to directly affect the adaptation future either by supporting or
constraining actions (adapting the business definition of Eden and Ackermann (1998) to the
adaptation objectives) and recognise that the stakeholders’ views will change depending on the
specific issue that is being addressed (see Cummings and Doh 2000; Glicken 2000). Following
these concepts, we selected stakeholders in two steps: (1) Identification of the groups who
have the potential to affect or may be affected by adaptation policies; and (2) Analysis of their
power or influence in the adaptation decision in an influence vs interest map (Eden and
Ackermann 1998).
Power versus interest grids typically help determine which players’ interests and power
bases must be taken into account in order to address the problem or issue at hand. As result we
grouped the stakeholders in a matrix with four categories (Fig. 3). First, the critical players are
the farmers, since they have high influence and high interest. Second, the context setters are the
policy makers, which have high power but lower interest. Third, the significant players are the
environmental groups, which have high interest and lower power. Finally, the citizens’ group
includes the less significant players, with lower interest and lower power. Recognising the
importance citizens’ opinion for setting values in adaptation, we assumed that the expert
scientist group could represent an aggregated view of the population (see below). This
assumption is clearly flawed, but may be valid in the absence of data derived from a large
survey, that is completely out of the scope of this study. Therefore the views of the expert panel
Table 1 Climate change scenarios used as input to the WAAPA obtained from the ENSEMBLES project
Scenario name
in this study
Global
model
Regional
model
Resolution and
time frame
ENSEMBLES
file
Socio economic
assumptions (*)
CRNM A1B ARPEGE RM5.1 25×25 km,
1950–2100
CNRM-RM5.1_SCN_
ARPEGE_MM_25km_
1950-2100_mrro.nc
A1B
KNMI A1B ECHAM5-r3 RACMO2 25×25 km,
1950-2100
KNMI-RACMO2_A1B_
ECHAM5-r3_
MM_25km_mrro.nc
A1B
(*) See Nakicenovic et al. 2000
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are not formally considered in the study; the reason to include this group in the description is to
communicate the research process.
Once the groups were defined, deciding who should be involved is a key strategic choice.
In general, people should be involved if they have information that cannot be gained
otherwise, or if their participation is necessary to assure successful implementation of adap-
tation strategies. These two aspects, together the available volunteer participants, guided the
selection of stakeholders for the one-to-one long interviews (see Appendix 1).
In all groups, the number of available volunteer participants was very low, limiting the
potential sample size. This raises the question of the representation of the sample. In relation to
the representation, it is recognised good results can be achieved with just a few interviews, as
data become saturated, and data analysis indicates that all themes can reach saturation,
meaning additional participants would likely not have added to the depth or breadth of parent
responses (Sandelowski 1995a, 1995b; Carlsen and Glenton 2011).
In this study area, the position of the farmers is extremely well defined, since all want to
maintain or increase the water supply for rice cultivation. Over 90 % of rice farmers in Doñana
belong to farmer associations (i.e., Farmer Association body, such as Farmers Advisory
Services, Irrigation Communities, Cooperatives or Rice Farming Federations and Unions;
see Aguilar 2010). These services include only private members with a technical profile or
experienced farmers, and do not include representatives of the local or regional administration.
The rice farmer associations provide services to manage irrigation, to the processing of rice
after harvest and to facilitate the marketing to the farmers. They also offer technical advice and
legislative information, including regular supervision and follow-up of the rice fields and
production. The high level of association between rice farmers makes them a strong lobby with
very uniform interests. For the interviews we selected members from the five organisations that
represent 90 % of the farmers, with the aim of providing the representation of the rice farmers
in the area as accurate as possible. The Administration body refers to the public service
organization which has control on water resources policy, water management and irrigation
planning in the Guadalquivir River Basin District. It includes the River Basin Authorities and
public officials, with almost absolutely uniform view on the possible solutions facing climate
change. The environmentalist body is a lobby group representing the environmental rights and
the nature welfare of the Doñana coastal wetland by strategic actions in water management and
new regulations; this group has a uniform voice since the 1960s claiming more water for the
natural wetland.
environmentalists
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Fig. 3 Criteria for selecting stakeholder groups, adapted from the theoretical power versus interest grid of Eden
and Ackermann (1998)
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2.5 Primary Data Collection
Primary data on observed impacts in the coastal wetland and possible adjustments in view of
climate change was collected by means of two qualitative social research methods used in
sequence: semi-structured interviews and an expert panel. These are sampling techniques
commonly used in policy research (Martín-López et al., 2011; Harrell and Bradley 2009;
Ingram and Morris 2007).
Semi-structured interviews were conducted with a standardized guideline to ensure that the
researcher covers the material and with an open framework with some discretion about the
order in which questions were asked. This sampling method is adequate when the objective is
to look deeply into a topic and to understand thoroughly the answers provided (Harrell and
Bradley 2009). The interviewer provided information about climate change impacts on water
resources in the Guadalquivir River Basin District (included in the Results section) and
received information about the observed changes in the coastal wetland and potential adjust-
ments of current water management that affects rice production and the natural ecosystem. In
particular, the interview aimed to identify the flexible adaptation measures that could be
effective from the social and environmental points of view. A guideline to the interviews
was prepared in advance (Appendix 1), however the interviews resulted in additional discus-
sion topics that contribute to understand the barriers to implement the potential technical
measures.
The semi-structured interviews aim to obtain specific qualitative information about ob-
served climate impacts and possible adjustments from a sample of the population. The main
advantage of the method is that it encourages two-way communication, those being
interviewed can ask questions to the interviewer, provides arguments for answers, and
encourages discussion on sensitive issues. The main limitations are derived from the small
sample size and the lack of trust that the interviewed may have about the confidentiality of the
responses.
The expert panel assisted in the formalisation of the research questions derived from the
semi-structured interviews. The interview survey was conducted during 31 January, 1 and 2
February 2012. To supply a broad outline on observed climate impacts and possible adjust-
ments, eleven key participants from relevant sectors of the coastal wetland were encouraged to
give their input (Table 2). The requirements for the participants’ selection were: i) to be
working on activities related to the rice production and the natural ecosystem during the last
decade; ii) to have an extensive knowledge about the rice productive sector and to have regular
contact with the rice farmers; ii) to have an extensive knowledge about the welfare of the
wetland and the natural ecosystem functioning; and iii) to be informed on the water manage-
ment requirements to cope successfully with the rice production and the natural ecosystem.
The resulting information of the consulting process was also used to inform local stake-
holders of the rice farming area by organizing two workshops about the local climate change
risk and adaptation with a total of 51 participants (De Stefano et al. 2014).
2.6 Limitations of the Methodology
There are some major limitations of our methodology, derived from the modelling approach
and from the consultation process.
The simulation of water availability under climate and policy changes with the WAAPA
models have major sources of uncertainty and limitations. The streamflow were derived from
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the output of regional climate models that include a very crude representation of the hydro-
logical cycle, demands are estimated using globally available data as proxy variables. This is
fully explained in Garrote et al. (2015). In addition changes in land use consistent with the
climate scenario projections have not been included in the simulations, since the aim was to
simulate policy choices for the current wetland system.
A major limitation is derived from the consultation process. Although the three groups of
participants selected are reasonably in line with adaptation in the case study, the interview
sample is quite small and it is not necessarily representative of all the communities and
organizations involved. The study did not address the full range of stakeholders which affect
or are affected by climate change adaptation. Here the groups included are likely to have a
potential interest and influence in the decision making process of an adaptation strategy, but
some actors may be missing due to the limitations in the sample size. A derived shortcoming of
the consulting process arises from the current level of conflict between stakeholders having
different views on water management. This may have resulted in some degree of mistrust on
the confidentiality of their responses. In addition, the consulting process applied in this study
only included qualitative information, resulting in difficult comparison among responses and
limited in capturing variability among the respondents. The open questions of the semi-
structured interviews did not provide enough information for a quantitative analysis. Thus,
we identified a portfolio of adaptation options for water resources management rather than
seeking consensus on the more cost effective option or priority that could be derived from
more quantitative data. Further research is needed in order to incorporate the local knowledge
into climate change adaptation local plans and in the wider policy context.
Despite these uncertainties and limitations, the results obtained show a qualitative picture
for future water availability in the Guadalquivir basin under a choice of adaptation policy
options derived from the consultation. Our findings advance the knowledge of differing
climate change strategies at local scale by providing increased comprehension of the stake-
holders oppose or support to adaptation options which could be used to incorporate in local
adaptation plans.
3 Water Availability and Potential Policy Choices
Climate change jeopardizes the equilibrium of water resources in the Guadalquivir water
district and the impacts will vary as a result of local regulation capacity (Fig. 3). The difference
between runoff and water availability is defined by the effect of storage. Reservoir regulation is
one of the most important water resources management policies in water-scarcity areas and has
Table 2 Description of the public consulting conducted in terms of type of consultancy, number of participants
and structure of the sample
Type of consultancy Date and venue Number of
participants
Type of participants
Semi structured individual
interviews to local actors
31 January to 2 February,
2012 in Doñana area
11 Farmer Association (5),
Administration (3),
Environmentalists (3)
Expert panel to experts /
scientists
20 April of 2012 in Madrid 3 Research scientists in Hydrology (1),
Agriculture (1) and Economics (1)
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generated significant impacts. Existing reservoirs are being subjected to intense multi-
objective demands on limited resources (i.e., water supply, flood control, hydropower, navi-
gation, fish and wild life conservation, recreation, and water quality by assimilating waste
effluents.)
These scenarios of water availability (Fig. 3) demonstrate that in water scarcity regions,
water availability is likely to be one of the great future challenges. Defining future water
availability under different adaptation policy options is therefore a basic step for water policy
formulation.
Reductions of water runoff and increased variability, resulting from exposure to climate
change, will lead to significant decreases in the water availability (Fig. 3). This clearly
demands for adaptation policy measures. Here we only consider impositions of demand
restrictions since regulatory capacity is already at a maximum in the river district. This is
particularly true in the case of irrigation water demand scenarios since it is reasonable to
assume that, without changes in policy, land use or technology, projected irrigation demand in
the basin will be higher than present irrigation demand even if farmers apply efficient
management practices and adjust cropping systems to the new climate. Moreover, when policy
and technology remain constant, it has been shown that agricultural water demand will
increase in all scenarios in the region (Iglesias et al., 2007, Iglesias 2009). The main drivers
of this irrigation demand increase are the decrease in effective rainfall and increase in potential
evapotranspiration (due to higher temperature and changes of other meteorological variables).
4 The View of Local Communities: Main Risks and Local Adaptation
Options
Here we present the results of the consulting process (with key local actors and the experts)
focusing on a) how the accelerated state of climate change is already affecting the rice
production and the natural ecosystem and b) what are the main conflicts and the potential
opportunities for societal consensus on local adaptation options.
The results were first generalized into appropriate categories using the topics included in the
interview guideline in Appendix 1 and expanded in Appendix 2. The categorization was
conducted by the primary researcher, and then assessed and verified by other researchers and
the experts. Table 3 synthesizes the interviews results. The local actors’ views fell into the
following categories: (1) risks derived from changes in the climate and degree of social
concern on them and (2) local adaptation options according to the identified risks. In this
second category, we characterise the: current implementation level per adaptation option
identified; acceptance (green) or rejection (red) of the local adaptation options by farmers
associations; acceptance (green) or rejection (red) of the local adaptation options by environ-
mentalists; and support for (green) or rejection of (red) the local adaptation options from the
administration. The white cells make reference to Bno opinion^ answers.
The first category describes stakeholders’ perception on the risks derived from changes in
the climate and the degree of social concern to them. The results of the interviews suggest that
that the major risks in the case study area are water scarcity, salinity problems in water and
soils, and to a lesser extent increased invasive species and pests and decreased rice yields and
quality. Most respondents’ perceptions stemmed from the scarcity of water as the main risk to
be concerned. A possible reason why water scarcity is perceived to be the most important risk
is the fact that it can easily lead to fall of productivity and rice yield reductions and in turn
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provoke biodiversity losses. The foresee sea level rise projections in the coastal wetland are
expected to worsen the water quality in the lower part of the Guadalquivir River Basin, the
Table 3 Summary of the view of local actors on climate change risks and adaptation options
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C
u
rr
en
t 
im
p
le
m
en
ta
ti
o
n
 
le
v
el
(1
)
A
cc
ep
ta
b
il
it
y
 t
o
 f
ar
m
er
 
as
so
ci
at
io
n
s
A
cc
ep
ta
b
il
it
y
 t
o
 
en
v
ir
o
n
m
en
ta
li
st
s
S
u
p
p
o
rt
 f
ro
m
 t
h
e 
ad
m
in
is
tr
at
io
n
I. Technological measures to face the risk
Increased water 
scarcity /High
Water recirculation and reutilization within the paddy rice M
Increase the technical efficiency of the irrigation systems L
Installation of flow meters L
Laser levelling H
Additional water infrastructure n.a.
Increased water 
salinity /High
Water releases from upstream reservoirs M
New pipeline to bring in the water directly upstream from the 
salt water intrusion
n.a.
Increased soil 
salinity /High
Flooding irrigation systems to wash soils H
Organic production (good farming practices) L
Increased invasive 
species and pests 
/Medium
Integrated production (inputs use efficiency) H
Decreased rice yield 
and quality /Low
New longer cycle rice varieties L
New rice varieties adapted to water and heat  stress L
II. Organizational measures to face the risk
All risks /High Reduction of the available cultivated surface L
Crop diversification and diversification to others activities 
(e.g. aquaculture, agro-tourism)
L
Anticipating local and regional water shortages L
Increase monitoring and information on water use and 
availability at local level
L
Setting of irrigation turns M 
III. Governance measures to face the risk
All risks /High
Actions at the basin level leading flexible adaptation 
strategies to climate change
L
Improve transparency and public participation to encourage 
agro-environmental awareness
L
Increase scientific research, field studies, dissemination  M 
Improve coordination between institutions, data sharing L
Encourage a long-term perspective in water management L
Implement good practices defined in the WFD M 
Increase in farmers training and technical advice M 
Supplemental transfer water from the Guadiana new riverbed n.a.
(1) L Low implementation level, M Medium implementation level, H High implementation level, n.a. not
available
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case study area, due to larger marine intrusion (IPCC 2014; Ramieri et al. 2011; Ojeda et al.
2009). An increased relative water scarcity, together with higher levels of salinity, makes rise
conflicts and competition among users over the allocation of water (Rijsberman 2006).
The literature review and the findings of this study suggest that higher temperatures are also
expected to change water demands and have direct physical effects on the plant growth and
development (IPCC 2013, Hanak and Lund 2012). Pulido-Calvo et al. (2012) found that in dry
periods a mean temperature increase of 1 °C in low altitude locations of the Guadalquivir River
Basin will result in a mean increase of 12 % in the irrigation demand on outflows. Rice is
particularly sensitive to heat stress and may suffer serious damages during the anthesis to
maximum temperatures above 37 °C and especially when it is exposed to water stress during
the entire flowering stage (Sánchez et al. 2014b). Although the expected mid and long-term
scenarios of high temperatures are not recognize as a relevant risk by responses of farmer
associations, they are already changing the rice growing calendar and introducing new
varieties which are more tolerant to heat stress and longer cycle rice varieties (e.g., J-sendra
155 or Puntal 145).
In a qualitative way, the farmer associations responses reflected that farmers in the Doñana
coastal wetland: (i) are likely more concerned about the present than about the future; (ii) are
very aware of the damage of current climate extremes in rice production and the natural
ecosystem, although they do not entirely recognise that the intensification of current extremes
may be a consequence of the climate change; (iii) probably do not perceive increased climate
variability as a risk to be concerned in the long-term, since they have a shot-term view more
addressed to profit-driven principles than to those related to climate change; and (iv) are likely
more concerned about severe droughts or salinity since they have faced these events over the
years. Rice farmers have demonstrated to have good adaptation capacities to current and past
extreme events, but they do not seem to be particularly open to innovation for the forthcoming
risks linked to climate change.
Forming the second category, the respondents provided a broad spectrum of local adapta-
tion options for the rice production to face the identified risk. We organize them into
three main groups: technological, organizational and governance measures. The fol-
lowing categories are related to the current implementation level of the options,
farmer associations and environmentalists’ acceptability and administration support
per option.
Different points of views about the adaptation options were stated depending on the type of
participants. Almost half of adaptation options included in Table 3 confront farmer associa-
tions and environmentalists’ views, since the options may not be fully corresponding to their
own interests and goals. Farmer associations try to promote technological and governance
measures that involve options to build new water infrastructures (e.g., a pipeline to bring in the
water directly upstream from the salt water intrusion) or increase the water supply to the rice
crops (e.g., water releases from upstream reservoirs or supplemental transfer water from the
Guadiana new riverbed). So far, environmentalists and administration have null acceptance
and support from those options that may result in higher economic costs and environmental
impact of new infrastructures. In the perception of the farmer associations, measures that may
imply lower yields (organic production, rice varieties adapted to climate change) or reductions
of the cultivated area should not be accepted. However, Pulido-Calvo et al. (2012) results
supported that the current water deficit in the Guadalquivir River Basin may inevitably lead to
reductions in irrigated areas. Environmentalists agree with this projection, but the administra-
tion seems not willingness to support the change of management or activity.
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Technological measures to increase water efficiency at the field level were most likely to be
accepted for both farmer associations and environmentalists. For instance, water recirculation
and reutilization within the paddy rice or increased technical efficiency of the irrigation
systems. Other technological options that have already proven benefits to the rice production
and are widely implemented in the area (laser levelling and integrated production) were also
fully supported by the administration. Rice farming in the Doñana wetland is characterized to
be a highly mechanized agricultural system with qualified labour that uses precision agricul-
tural methods (Aguilar 2010; De Stefano et al. 2014).
Organizational measures related to water management were positively perceived by the farmer
associations and environmentalists. Their responses reflected that there is a lack of local monitoring
and information onwater availability and use. The provision of accurate, accessible and useful water
information at different scales is essential to deal with reductions in water availability (Wei et al.
2011). Reed et al. (2006) reported that including thresholds information about the risks at local scale,
evenwhen they are difficult to identify, they can further improve the value ofmonitoring inmanaged
ecosystems. In the perceptions of the two groups, farmer associations and environmentalists, there is
also a need of anticipatingmanagement options to local water shortages.Once problems have arisen,
reactive management efforts can be more costly than anticipating management to reduce risk by
actions to enhance the resilience of the river basin (Palmer et al. 2008). Proactive management
efforts may include among others: management plans to the risk of water scarcity at the farm level,
on-farm reservoirs, improvements inwater use efficiency (Iglesias et al. 2007) and, the establishment
of water markets to negotiate water between water users and in turn encouraging the reallocation of
water rights to restore freshwater ecosystem health (Garrick et al. 2009; Rey et al. 2014). The high
number of Bno opinion^ answers obtained within the category of Badministration support^ to
technological or organizational options is striking. It suggests to some extent a limited commitment
to measures addressed at farm or local scale on this topic. Most of questions concerning to
governance options were perceived to be supported by the administration, since it directly fall in
their scope of action.
Governance measures included options addressed to improve the coordination between insti-
tutions. The critical importance of institutional good governance has been previously established as
a requirement for the regional adaptation capacity by preceding research (Berrang-Ford et al. 2014;
Hanak and Lund 2012; Iglesias 2009). Increase scientific research, farmer training and technical
advicewere governance options perceived positively by all the groups. Finally, a lack of confidence
in the truth or efficacy of governance measures addressed to climate change strategies and
environmental awareness is often referred in the farmer associations’ responses. These results
prove that climate change and environment can be concepts which are not be easily grasped, and
tends to be something that is less tangible to farmers. Experts also pointed out the need of
encouraging the farmers’ long-term views by climate change advisement and capacity building.
Overall, the results from the consulting process stressed the difficult to find adaptation
options which are concurrent for the farmer associations, environmentalists and administration
preferences. The spectrum of potential adaptation options in the case study can be represent
from two end points, the purely environmental one (eco-centric perspective addressed to
reduce impacts on the Guadalquivir River resources and the conservation of natural ecosys-
tems), and the fully agricultural (technocratic perspective addressed to ensure rice yields and
productivity) (Figs. 4 and 5). If possible, policy makers and researchers should try to
encourage more flexible adaptation options or those located in the middle of the spectrum
where environmental and agricultural profit-driven preferences are closer. The international
competition in a globalized sector together with the new environmental requirements from
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CAP might bring more pressure, raising the current conflicts between water users in the area
(De Stefano et al. 2014). The portfolio of adaptation options and initiatives will probably fail if
policy makers and advisors do not empower and inform local actors (Jones 2010).
Additionally, there is a need of adaptation options that in turn are able to mitigate climate
change by having less favourable energy implications (Hanak and Lund 2012).
5 Potential Policy Interventions based on the Interrelation of the two Results
The interrelation of the qualitative and quantitative components of the study is a challenge. Our
approach to interrelation is summarised in Table 4 and includes three steps. The first step is the
characterisation of water shortages under climate change by the WAAPA model. This diag-
nostic step is a quantification of the potential water availability changes in the basin and in
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Fig. 4 Effect of climate change scenario (2070–2100) with respect to control run (1960–1990) for the RCM
models forced with two emission scenarios in the Guadalquivir water district. (a) Per unit reduction of runoff; (b)
water availability for irrigation with current policy; (c) water availability for irrigation with improved water policy
in urban areas; (d) water availability for irrigation with water reduced allocation for environmental uses; (e) water
availability for irrigation with hydropower reservoir water conservations; (f) water availability for irrigation with
improved the overall water management of the system by water interconnections
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Doñana, in particular. The broader scale is necessary, since the changes at the local level - and
the potential solutions - depend on the changes in the basin. The simulations of water
availability changes in all sub-basins range from −45 to −93 % of current water availability.
The second step explores the choices of stakeholders. The complete stakeholder views on
adaptationmeasures are a consequence of their recurrent exposure to water limitations under the
current climate. The range of options identified include agronomic, water management, and
governance measures. The measures related to water management are then selected to provide
an quantitative estimation on their effectiveness with the WAAPA model in the third step.
The approach links perceptions on the potential effect of the measure with a quantification
by means of a water policy model. We focus on options that presented a high degree of
disagreement among the stakeholders groups (Table 3). The application of the WAAPA model
to these choices helped clarify the objective effect of the options. Furthermore, the WAAPA
model was also used to simulate policy options that could be implemented in other sectors,
e.g., urban or ecosystems, since these choices could bring a quantitative perspective to
compare the local community choices.
The Adaptation Policy 1 addressed to improve water urban use could reach major im-
provements of water availability for irrigation and in turn avoid reduced water for environ-
mental use by adaptation policy 2. The use of additional water infrastructure for irrigation (e.g.,
from hydropower reservoirs) was performed by the adaptation policy 3. The simulations
showed that the effect for improving water availability of policy 3 was not significant.
Adaptation options to improve the water managements by interconnections (a new pipeline
connecting upstream water bodies to the rice fields, additional releases from upstream reser-
voirs or transfer of water) were endorsed into adaptation policy 4. The adoption of policy 4 was
specially controversy between stakeholders in their acceptance, however the simulations clearly
showed improvement of less than 20 % except in a few sub-basins and scenarios.
6 Conclusions
Policy is deeply involved in the water sector. Usually, policy development is based on an historical
analysis ofwater demand and supply. It is therefore a challenge to develop policies that respond to an
Fully agricultural
measures
Purely environmental
measures
Negoate 
water with 
other crops
Supplemental 
water
Improved water eﬃciency 
at the ﬁeld level
Improved instuonal governance
Decrease 
land allocaon 
for rice
Policy incenves to  water 
saving
Diversiﬁcaon of 
agricultural acvies
Fig. 5 The spectrum of potential adaptation options to climate change for the case study
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uncertain future. Indeed, science-policy integration is one of the most complex challenges that the
scientific and policy making communities face since it involves knowledge sharing and ex-change
among a wide range of disciplines and actors (Quevauviller et al. 2005). Despite these challenges, it
is possible to achieve this goal and there are success stories throughout the world.
In this study we have attempted to face part of this challenge by presenting an approach that
assesses how people – water policy and local actors – may influence water in the costal wetland
under climate change. Together – policy and stakeholder choices – may be useful in singling out
areas for moving towards adaptation and dialogue. This information may be used to implement and
develop policy.
We recognise that the data needs for developing such a decision-making tool are complex
and may be hard to satisfy; nevertheless, the conceptual steps that are presented remain valid
and may be undertaken at a simplified level. Moreover, since the kinds of policy decisions
being considered are at a local level it is likely that the availability of data will be greater.
Qualitative information from participatory research can be of great value in climate change
adaptation and policy making when is combined with other tools or models to generate
quantitative information (van Aalst et al. 2008). Recent researches have combined both
methods to assess and identify climate change risk and adaptation options with valuable
results on the adoption of a local adaptation strategy (Picketts et al. 2013; Cohen et al.
2006). Tisdell (2010) evaluated the implications of different water policy options in a semiarid
area of Australia by modelling and found that the most cost effective option was a reduction of
the water allocation to entitlement holders in order to increase water available for
environmental use. Similarly to our study, Cohen et al. (2006) identified, by combining
computer-based models and participatory research in the Okanagan Basin (Canada), a portfolio
of adaptation options for water resources management rather than seeking consensus on the
Bbest^ option or process. Méndez et al. (2012) explored the historical records of the Doñana
case study to develop a tailored action research program and provide specific policy-relevant
recommendations for water resources management and wetland conservation. They conclude
that there is a need of flexible and adaptive institutional regimes, social research and public
participation, and improved monitoring and mechanisms for information exchange among
others, which seem to be quite concurrent with our findings. Palomo et al. (2011) also carried
out a participative process to analyze the current and the future situation in the Doñana
wetland. They stressed the scarcity of water as the biggest problem and proposed consensual
management strategies that include coordinated local plans and increased professional training.
Participatory research can help to advance adaptation planning since knowing and doing is
linked through action (Moser and Elkstrom 2011; Picketts et al. 2013).
Climate change is a global challenge with increasing severe consequences at the local level. In
the Lower Guadalquivir River Basin District, existing water conflicts between the rice farming and
the natural ecosystem are expected to be intensified in the future due to projected scenarios of water
availability reduction and higher temperatures. This study aims to identify flexible climate change
adaptation options in the Doñana coastal wetlands by simulating water availability to farmers with
the WAAPA model and by engaging informed stakeholders in the assessment process. The
combination of both methodologies approaches the potential adaptation options to the local
environmental, social and policy context.
Results suggest that perception on new water infrastructure and farming subsidies domi-
nates the decision process. Information provided during the study shaped the final adaptation
options developed. Our research contributes to the definition of sustainable water management
for rice production, livelihood support and the environment.
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Results from the consulting process showed how the accelerated state of climate
change is already affecting the rice production and the natural ecosystem in the
Doñana wetland and what are the main conflicts and agreements on adaptation options
under water availability reductions. The water scarcity and the water quality deterio-
ration were perceived by all the informants as the major risks for the good function-
ing of both the rice farming and the natural ecosystem. Rice farmers do not recognize
higher temperatures as a risk to be concerned, but they are already changing the rice
growing calendar and introducing new varieties which are more tolerant to heat stress. The rice
farming is a highly mechanized and organized agricultural system and rice farmers have a high
education level. However, they seem to have a shot-term view of risks and they do not
necessarily link them to climate change. Reductions of water availability together with the
large water need to irrigate the rice fields and to control the water salinity will raise the current
conflict between water users from different economic activities and the natural ecosystem
conservation.
There is a shared perception on the need of new and diverse local initiatives to
face the increasing water scarcity and salinity risk. The decision making processes of
adaptation options is variable according to the stakeholder views. Farmers Association
decisions are mainly dominated by technological and profit-driven principles with
preference on new water infrastructure and farming subsidies. The lack of generational
renewal by the decreasing number of young farmers and the new environmental
requirements from CAP can bring more pressure on local farmers’ price support.
Environmentalists showed reluctance to those options which may result in higher economic
costs and environmental impacts due to new infrastructures. Environmentalists and adminis-
tration actors supported the reduction of rice cultivated area as an effective adaptation option.
All the actors and the experts emphasized the important role that could play improved
institutional governance and the need of encouraging the farmers’ long-term views by climate
change advisement and capacity building.
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Appendix 1. Guidelines for the Interviews
Objective of the Research
Coastal systems in the North-east Atlantic Ocean are expected to experience adverse impacts
due to projected sea-level rise and climate change. There is a need to improve the planning by
assessment of coastal vulnerability and flexible adaptation from the local scale and engage
widely with relevant stakeholders.
The main goal of this research is to assess the climate change risk and what are the potential
adaptation options in the Doñana coastal wetlands, a world heritage and biodiversity site with
an intensive agricultural activity under scarcity conditions. We aimed to contribute to adapta-
tion plans development in the case study region including the participation of informed
stakeholders. The research was completed within the Spanish Biodiversity Foundation project
of Adaptation in Doñana, implemented and coordinated by WWF-Spain.
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Methodology
The interviews aimed to draw a broad outline of the case study’s vulnerability based on the
expertise and knowledge of local actors and develop a range of flexible adaptation options
according to the local environmental, social and policy context.
The interview survey was conducted across different days in February 2012 and
eleven key participants from relevant sectors of the coastal wetland were encouraged
to give their input. The requirements for the participants’ selection were: i) to be
working on activities related to the rice production and the natural ecosystem during
the last decade; ii) to have an extensive knowledge about the rice productive sector
and to have regular contact with the rice farmers; ii) to have an extensive knowledge
about the welfare of the wetland and the natural ecosystem functioning; and iii) to be
informed on the water management requirements to cope successfully with the rice
production and the natural ecosystem.
Interview Questions
Type of question Selected interview question
Introduction Q1: Name
Q2: Background and experience in the region
Q3: Employment status
Perception of climate change
risks/impacts for the rice
farming and the natural
ecosystem
Q4: Do you feel that the Doñana socio-environmental system has changed
due to climate variability or extreme events (droughts, heat waves, rainfall
distributions) over the last 20 years? (E.g. severe droughts of 1979/80,
1991/95 or 2004/05)?
Q5: Have you noticed changes in the yields or the growing cycle (shortening/
lengthening) of rice crops in the wetland?
Q6: Have you noticed changes in the presence or occurrence of pests, weeds
and diseases?
Q7: Have you noticed changes in the management (e.g., operations, irrigation,
use of fertilizers/sprays) of rice crops?
Q8: Have you noticed river hydro morphological alterations or changes in
the water availability and quality (e.g., salinity of water) in the region?
Q9: Have you noticed changes in the distribution of natural vegetation and
wildlife?
Q10: What factor do you consider as the most harmful for the rice farming
and the natural ecosystem in the region?
Perception of flexible adaptation
options for the rice farming
and the natural ecosystem
Q11: What measures have been implemented to tackle climate variability
and climate change?
Q12: What strategies have been implemented to ensure water availability?
Q13: What importance do you consider that may have strategies to
increase water savings?
Q14: What adaptation options do you consider the most effective for the
rice farming and the natural ecosystem in the region?
Q15: What are the main drivers and tools to undertake these adaptation
measures and strategies?
Q16: What are the main barriers to the implementation of climate
change adaptation options in the region?
Other comments Q17: Are there any other issues that you consider important in relation
to the climate change risks and adaptation which have not tried yet
in this interview?
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Appendix 2. Summary of the Responses of the Interviews
Identification of risks
and adaptation options
Farmer association (5) Administration (3) Environmentalists (3)
Main risk for the artificial
rice wetland
Decreased water
availability
Decreased water
availability
Decreased water
availability
Increased water
salinity
Increased water salinity Increased water salinity
Higher temperatures Higher temperatures
Reductions of water stored
Heavy rains and higher
deposits appearance
Most effective
adaptation, overall
Changes of water
management
Water saving Energy and water savings
Modernization of
irrigation systems
Increased scientific
research, field studies
and transferring
Increased scientific
research, field studies
and farmers training
Water recirculation and
reutilization within
the paddy
Improved coordination
between institutions,
aggregated of the
information and
dissemination
Strategies to conserve
biodiversity and ensure
the provision of
ecosystem services
New dams
construction
and other water
infrastructures
Improved monitoring
and information
on water use
Regulations from WFD
and the Hydrologic
Plan of the Guadalquivir
River Basin
Reduction of the cultivated
areas located closer to
the sea
Long-term climate change
strategies and
agreements
Increased the technical
efficiency of the
irrigation systems
Increased dissemination,
public participation and
environmental
awareness raising
Local climate change
actions
Organic agriculture
Dikes construction to
contain marine intrusion
Responsible for
implementing
adaptation
Administration; rice
farming unions
and cooperatives
Administration; Rice
farming unions and
cooperatives; Research
groups to facilitate
Administration; Rice
farming unions and
cooperatives; Research
groups to facilitate
Barriers to implement
adaptation
The lack of clear
actions
Rice farming conservative
traditions
Rice farming conservative
traditions
Larger reductions of
inputs (water,
fertilizers, sprays)
The difficult for
generational renewal
and change due to aging
farmers’ population
The difficult for generational
renewal and change due
to aging farmers’
population
Marine intrusion
during drought
periods
Farmers’ short-term
perception of risks
and profit-driven
principles
Farmers’ short-term
perception of risks and
profit-driven principles
New CAP
environmental
requirements
The lack of interest of
rice farmers in
climate change
issues and debates
The lack of interest of rice
farmers in climate
change issues and
debates
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Energy prices Easy crop management,
all the operations
are subcontracted
Low labour needs and high
water comsuption
Lower yields and
quality crops
High subsidies
dependence
The lack of environmental
awareness
Irrigation water costs Clay soils, risks of
floods
New CAP environmental
requirements
Extremely competitive
and highly volatile
price sector
The unstable equilibrium
of the Doñana system
The lack of accurate
irrigation water
measures (flow meters)
Risks related to
water scarcity
Water availability
reductions
Water availability
reductions
Water availability reductions
Turbidity, muddy
water
Turbidity, muddy
water
Water stored reductions
Cumulative impacts
in the Guadalquivir
River Basin affect
the rice fields
Cumulative impacts in the
Guadalquivir River
Basin affect the rice
fields
Erosion problems
Adaptation to increased
water scarcity
Changes of water
management
Changes of water
management
Changes of water
management
Modernization of
irrigation systems
Modernization of
irrigation systems
Water saving strategies
Water recirculation
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